. Separation of cyclolizing activity from LPS1/LPS2 by gel filtration on Superdex TM 75. LPS1/LPS2 activity in the indicated fractions was localized by measuring ergotamam formation in the absence of Fe 2+ /2-KG. The cyclolizing activity was determined by measuring ergotamine formation in a mix of 100 µl of enriched LPS1/LPS2 (fractions 45+46) and 100 µl of every second fraction behind fraction 46 with the same substrates including Fe 2+ /2-KG as in a. The two different curves show that cyclol synthase activity is shifted against LPS1/LPS2 activity and that cyclol synthase is a separate enzyme. The indicated enzyme activities (relative intensity) are based on the intensity of each product band on autoradiographs of the thin-layer chromatograms of the reaction mixtures. This Fig. relates to Fig. 2 and Fig.3 in the paper.
/2-KG. The cyclolizing activity was determined by measuring ergotamine formation in a mix of 100 µl of enriched LPS1/LPS2 (fractions 45+46) and 100 µl of every second fraction behind fraction 46 with the same substrates including Fe 2+ /2-KG as in a. The two different curves show that cyclol synthase activity is shifted against LPS1/LPS2 activity and that cyclol synthase is a separate enzyme. The indicated enzyme activities (relative intensity) are based on the intensity of each product band on autoradiographs of the thin-layer chromatograms of the reaction mixtures. This Fig. relates to Fig. 2 and Fig.3 in the paper. Phytanoyl-CoA hydroxylases including EasH are in the right branch. Peptide modifying enzymes like IPNS, DAOCS or CAS are members of dioxygenase families distinct from the phytanoyl CoA hydroxylases. The tree was constructed using Phylogeny.fr (Dereeper et al., 2008) . In the alignments the residues of the catalytic triade HxD/Ex n H are marked in a red box. Alignments were constructed using Clustal X (Thompson et al., 1997) . This Fig. relates to Fig. 2 and to paragraph EasH1, candidate gene for cyclolizing enzyme activity in the paper. Figure S3 . Formation of different alkaloid classes catalyzed by EasH in conjunction with LPS1/LPS2. Left: Formation of dihydroergotamine. Middle: dihydroergostine (dihydroergoxine). Right: dihydroergocristine (dihydroergotoxine). Each reaction (labeling with 14 C-phenylalanine) was performed in the absence and presence of Fe 2+ /2-KG. The asterisk-marked band in each track with Fe 2+ /2-KG indicates the corresponding dihydroergopeptine. The position of the L-phe-L-pro and L-phe-D-pro diketopiperazines, cleavage products of ergopeptams, are also indicated. The identity of products was checked by amino acid analysis after labeling with 14 C-phenylalanine or 14 C-proline, dependency on ATP and dihydrolysergic acid and chromatographic comparison with authentic reference material (solvent system I and II). The lowest band in each track represents an unknown peptide product unrelated to D-lysergyl peptides. Related to paragraph "EasH also cyclolizes ergoxine and ergotoxine groups of peptide alkaloids" in main text. Figure S4 . Fig. 3 in the paper. Figure S5 . Observed secondary structure of EasH The secondary structure elements are shown above the alignment with α-helices depicted as cylinders and β-strands as arrows and assigned according to the EasH crystal structure. Missing parts of the structure are indicated in black. Residues involved in Fe 2+ coordination are drawn as black triangles. Black circles indicate residues binding to 2-KG. This Fig. is related to Fig. 6 and to the paragraph describing the structure of EasH in the main text. 
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is the mean intensity of symmetry-equivalent reflections and n is the redundancy.
d R free is the same as R cryst , but calculated on 5% of the data excluded from refinement.
e Root-mean-square deviation (Rmsd) from target geometries. This Table. is related to Fig. 6 and to the paragraph describing the structure of EasH in the paper. Fig. 6 and to the paragraph describing the structure of EasH in the paper. Table S3 . Missing amino acid residues in the structure of EasH Missing residues amino-terminus to 9 62 to 73 274 to 280 310 to carboxy-terminus This Table is related to Fig. 6 and to the paragraph describing the structure of EasH in the paper.
Supplemental description of material supply and experimental procedures
Chemicals and radiochemicals.
(450 mCi/mmole) and U-[ 14 C]-L-proline (250 mCi/mmole) were from Perkin Elmer (Waltham, MA, USA).
Coenzyme A trilithium salt was from Calbiochem (Darmstadt, Germany). Pantethine and N-acetyl-cysteamine (SNAC) were from Sigma (Deisenhofen, Germany).All other chemicals were of the highest purity available.
Strains and cultures
Claviceps purpurea strain D11 was obtained by single colony selection of Claviceps purpurea strain D1 (Keller et al. 1988) . It was grown and maintained as described previously (Keller et al., 1988) . E. coli strain DH5α (Hanahan, 1983) was used for cloning and expression of easH1. It was grown and maintained according to standard procedures.
Enzyme preparation from C. purpurea Mycelium of C. purpurea strain D11 actively synthesizing ergotamine were frozen at -80°C. Frozen pellets could be kept for months. As necessary, thawed precipitates were dissolved in a minute volume of buffer and desalted as above.
Cloning and expression of eash1 from C. purpurea The gene easH1 encoding EasH (accession number AET79182.1) was PCR-cloned using primers easH_for 5´-CATGGATCCAAAATGACTTC and easH_rev 5´-AACCAAAgCTTTACGCTACACAG and genomic DNA from C. purpurea strain D11 as template. This corresponded the DNA region between nucleotides 35947 and 36891 of the ergot alkaloid biosynthesis gene cluster of C. purpurea (acc. no. JN186799). Plasmid for cloning of the PCR fragment was pJET1.2/blunt (Fermentas/ Thermo Scientific). The cloned fragment was cut out from the vector as BamHI/HindIII fragment and ligated to BamHI/HindIII-cleaved plasmid pQE80 (Qiagen) which gave plasmid p-JH_eash_pQE80. After transformation of plasmid pJH_eash_pQE80 into E. coli DH5α the transformed strain was grown in LB medium at 37°C up to an optical density of A 600 =0.6. The culture then was shifted to 16°C and after addition of 1 mM isopropyl-1-thio-β-d-galactopyranoside (IPTG) cultivation was continued for 20 h at the same temperature.
Preparation of recombinant EasH. Cells obtained from 2 l culture were suspended in lysis buffer (Qiagen) containing 1 mM PMSF and 1 mM BAM. The cells were passed through a French press cell (Aminco) and to the homogenate was added DNase I (40 µg/ml f.c.) and 10 mM MgCl 2 . After 30 min on ice, the mixture was centrifuged for 30 min at 10 000 x g. The supernatant was subjected to Ni-NTA affinity chromatography according to the supplier's instructions (Qiagen Enzyme assays. Total synthesis of ergotamine or dihydroergotamine was performed under conditions as described (Keller et al., 1988) /2-KG. After incubation of reaction mixtures at 24°C for different times, 1 ml of water was added together with 50 µg of carrier ergotamine. Reaction mixtures were then extracted twice with 2 mlportions of ethyl acetate. The combined extracts were evaporated to dryness and applied to silica gel plates which were developed in solvent system 1 or 2.
To assay recombinant EasH in conjunction with LPS1/LPS2, LPS1/LPS2 were first freed from wild type EasH by passing C. purpurea cell extract through the Superdex TM 75 column and collecting the leading flank of the void volume peak. Recombinant EasH was added in varying amounts (5 -50 µg) to incubations containing 100 µl LPS1/LPS2 fraction (devoid of wild type EasH) which were in the same conditions as in the assays with cell extract containing wild type EasH.
Conversion of chemically synthesized dihydrolysergyl-tripeptide thioesters to dihydroergopeptine or dihydroergopeptam was performed in 200 µl total volume containing 10 -50 µg EasH, 0.1-1 mM FeSO 4 , 0.2-2 mM 2-ketoglutarate, 10 mM ascorbate, and 0.3 -0.4 mM dihydrolysergyl-ala-phe-pro-coenzyme A, -pantetheine or -N-acetyl-cysteamine thioester. Incubation was overnight at 24°C. In a number of experiments the assays contained in addition 20 to 50 µg purified Cyc-domain. After addition of 500 µl water, products formed were extracted twice with 1 ml portions of ethyl acetate. Combined extracts were evaporated to dryness and subjected to TLC (solvent system I and 2) or LC-MS.
Methods of analysis.
Dihydrolysergyl-peptide intermediates on LPS1 formed in the presence or absence o Fe 2+ /2-KG were isolated as described previously (Walzel et al., 1997) . Radioactive products on TLC plates were monitored with the RITA-STAR beta-radioactivity intelligent thin layer analyzer (Raytest, Straubenhardt, Germany) or by autoradiography using KODAK BioMax MR film. Quantitation of radioactive zones was done by using the GINA-Star TLC chromatography evaluation system (Raytest, Straubenhardt, Germany). Calibration of the system was performed by scanning plates containing known amounts of radioactive material. Radioactive products were analysed by scraping them off from plates, extraction with methanol from the silica gel and by acid hydrolysis (Keller et al., 1988) . Radioactive acid hydrolysates were chromatographed on silica gel plates along with authentic alanine, phenylalanine, proline and pyruvate using solvent system 3. Radioactive pyruvate in acid hydrolysates was further verified as dinitrophenylhydrazone. To this end, to dried hydrolysates 100 µl 2,4-dinitrophenylhydrazine in 2 N HCl (1 mg ml -1 ) was added. After 30 min at 37°C, the mixture was extracted with ethyl acetate and chromatographed on TLC plates using solvent system 1 along with dinitrophenylhydrazone prepared from authentic pyruvate.
Syntheses Dihydrolysergyl-ala-phe-pro (or dihydrolysergyl-ala-leu-ala): Starting material was in general 15 to 20 mg dihydrolysergic acid or dihydrolysergyl peptides. Dihydrolysergic acid (DHL) was activated with allylchloroformiate in dry acetonitril in the presence of triethylamine. To this was added 1.1 eq. ala-phe-pro (or ala-leu) dissolved in acetonitrile and in the presence of triethylamine. After completion (4 -16 h), reaction mixtures were evaporated to dryness and the residues taken up in a small vols. of 50 % water-acetonitrile. These were applied to an EnCaPharm 100 RP 18 5 µm column (250 x 16 mm, Molnar Institute Berlin) and separated using a Waters HPLC system (pump 515, PAD 996) with a linear water-acetonitrile gradient (0.1 % trifluoroacetic acid) from 5 -100 % acetonitrile (flow rate 2 ml min -1 ). Fractions containing dihydrolysergyl-alaphe-pro or dihydrolysergyl-ala-leu were collected and freeze-dried (93 and 45% yield, respectively). The purity Dihydrolysergyl-ala-phe-pro-(or dihydrolysergyl-ala-leu-ala-)-Coenzyme A thioester: Dihydrolysergyl-ala-phepro (1 eq.), PyBOB (5 eq.) and coenzyme A trilithium salt (2 eq.) were dissolved in 1.5 ml 50 % acetonitrilewater and 5 eq. diisopropylethylamine was added. After stirring for two hours the reaction mixture was applied onto an EnCaPharm 100 RP 18 5 µm column (250 x 16 mm, Molnar Institute Berlin) and separated using a Waters HPLC system (pump 515, PAD 996) with a linear water-acetonitrile gradient (0.1 % trifluoroacetic acid) from 5 -100 % acetonitrile (flow rate 2 ml min -1 ). Fractions containing dihydrolysergyl-ala-phe-pro coenzyme A thioester (or dihydrolysergyl-ala-leu-ala-coenzyme A thioester) were combined and freeze-dried (49 % and 59 % yield, respectively). The identity of the compound was checked by thin-layer-chromatography (solvent system Dihydrolysergyl-ala-phe-pro pantetheine thioester: Pantetheine was prepared by reduction of pantethine with KBH 4 according to (Majerus et al., 1965) . Dihydrolysergyl-ala-phe-pro was activated with allylchloroformiate in acetonitrile and the solution was evaporated to dryness. The residue was taken up in 200 µl acetonitrile which was gradually added, to a 500 µl solution containing freshly prepared pantetheine in 1.5 molar excess over the peptide dissolved in 0.5 ml 0.2 M Tris-HCl, pH 8.0 with stirring. After completion of the reaction, the solution was applied onto an EnCaPharm 100 RP 18 5 µm column (250 x 16 mm, Molnar Institute Berlin) and separated using a Waters HPLC system (pump 515, PAD 996) with a linear water-acetonitrile gradient (0.1 % trifluoroacetic acid) from 5 -100 % acetonitrile (flow rate 2 ml min -1 ). Fractions containing dihydrolysergyl-alaphe-pro pantetheine thioester were collected and freeze-dried (oily foam, 58 % yield). The identity of the compound was checked by thin-layer-chromatography (solvent system 4) and mass spectrometry ([M+H] + = 846 m/z). Dihydrolysergyl-ala-phe-pro N-acetyl-cysteamine thioester: dihydrolysergyl-ala-phe-pro was activated with allylchloroformiate in dry acetonitrile. N-acetylcysteamine in two fold molar excess dissolved in acetonitrile was added (with triethylamine) with stirring. After completion of the reaction, solution was concentrated in vacuo to a volume of 0.8 ml which were applied onto an EnCaPharm 100 RP 18 5 µm column (250 x 16 mm, Molnar Institute Berlin) and separated using a Waters HPLC system (pump 515, PAD 996) with a linear water-acetonitrile gradient (0.1 % trifluoroacetic acid) from 5 -100 % acetonitrile (flow rate 2 ml min -1 ).
Fractions containing dihydrolysergyl-ala-phe-pro SNAC thioester were collected and freeze-dried (oil, 62 % yield). The identity of the compound was checked by thin-layer-chromatography (solvent system 1 and 2) and mass spectrometry ([M+H] + = 687 m/z). Other dihydrolysergyl derivatives such as dihydrolysergyl-alanine oralanyl-phenylalanine and their corresponding CoA thioesters were prepared as above at yields between 35 and 50 %.
L-phe-D-pro diketopiperazine was prepared from L-phe-L-pro-diketopiperazine as described previously (Hofmann et al., 1963) . The identity of product was checked by TLC, mass spectrometry ( 
